Abstract DNA repair systems play a key role in protecting the DNA from damage caused by different endogenous and environmental factors. Genetic polymorphisms in DNA repair genes may lead to increased cancer susceptibility including leukemia. Due to different environmental genetic interactions among each population, the aim of the current study was to assess the association between three genetic polymorphisms of xeroderma pigmentosum complementation group: XPD (rs13181), XPC (rs2228001), and XPG (rs17655) and the susceptibility to acute leukemia in Egypt. The present study included 50 patients with acute leukemia, in addition to 100 normal volunteers as control group. Genotyping for the genes was done by PCR-RFLP technique. The study revealed that patients homovariant for XPD had fourfold increased risk of developing AML (OR = 4.4, P = 0.025) either alone or with variant genotypes of XPC and XPG. No statistically significant association was found between neither individual nor combined polymorphisms and disease risk of ALL in this study. Determination of XPD polymorphism could be considered as molecular markers associated with susceptibility to develop AML.
Introduction
Unrepaired DNA damage can result into unregulated cell growth and cancer [1] . In order to maintain genome integrity, aberrations caused to DNA by various factors must be repaired and preserved throughout the life of a cell [2] . The nucleotide excision DNA repair (NER) is one of the major DNA repair pathways, and by which bulky adducts and wide variety of deleterious DNA lesions are removed from the genome. NER systems recognize the DNA damage, incise the DNA strand on both sides of the lesions, remove the oligonucleotide carrying the damage, and resynthetize the fragment [3] .
DNA repair genes such as; xeroderma pigmentosum group D gene (XPD), also known as excision repair cross-complementing group 2 (ERCC2), xeroderma pigmentosum group C gene (XPC), and xeroderma pigmentosum group G gene (XPG or ERCC5) are implicated in the NER system. Gene polymorphisms in NER repair system may influence the individual's capacity to recognize and repair DNA lesions and thus increase cancer susceptibility including leukemia [4] .
Leukemia is one of the ten most common malignancies among Arab populations, including Egypt which has intermediate incidence rate of leukemia [5] .
As acute leukemia is a heterogeneous clonal genetic disease, with different interacting environmental and genetic causative factors among each population, the aim of the current study was to assess the association between three genetic polymorphisms of DNA repair genes: XPD (rs13181), XPC (rs2228001), and XPG (rs17655) and the susceptibility to acute leukemia in Egypt.
Patients and methods

Study population
The present study included 50 unrelated acute leukemia patients: 32 AML and 18 ALL. Patients were recruited from the outpatient clinic and the inpatient wards of National Cancer Institute, Cairo University. Acute promyelocytic leukemia (APL), double malignancy, or secondary leukemia cases were excluded. One hundred age-and sex-matched healthy volunteers, with negative consanguinity to any of the patients, were included in the study as a control group. The study was approved by the Research ethical Committee of Clinical Pathology and Medical Oncology departments, Faculty of Medicine, Cairo University, and informed consents were obtained from all participants prior to enrollment in the study.
Genotyping of the candidate genes
Total DNA was extracted from peripheral blood collected on EDTA using Gene JET Genomic DNA purification kit (Fermentas, Lithuania). Determining the polymorphisms of the studied genes was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. Specific primers, supplied by Fermentas, Lithuania, and the summary of the amplification conditions are shown in Table 1 . Specific restriction endonuclease enzyme for each gene (Fermentas, Lithuania) was used to digest the amplified PCR products. Ethidium bromide 2% stained agarose gel was used to detect the restricted PCR products, which were visualized using ultraviolet light. Length of the restriction fragments lengths together with the used restriction enzymes used and are shown in Table 2 . Genotyping of ten randomly chosen samples was repeated to ensure quality control. Samples were interpreted blindly by two different observers. Repeated results were identical to the initial results.
Statistical methods
Data were coded and entered using the statistical package SPSS version 22. Data was summarized using mean, standard deviation, median, minimum and maximum for quantitative variables and frequencies (number of cases) and relative frequencies (percentages) for categorical variables. Comparisons between quantitative variables were done using the nonparametric Mann-Whitney test. For comparing categorical data, chi-square (χ 2 ) test was performed. Exact test was used instead when the expected frequency is less than 5. Genotypic distribution of the studied SNPs in the control group was in accordance with the Hardy-Weinberg equilibrium (P > 0.05). Genotype and allele frequencies were compared between the disease and the control groups using chi-square tests. Odds ratio (OR) with 95% confidence intervals was calculated. P values less than 0.05 were considered as statistically significant.
Results
The main clinical and laboratory data of the acute leukemia patients are summarized in Table 3 . Genotype distributions of (Table 4) .
There was no statistical difference noticed in the distribution of the individual nor combined studied gene polymorphisms between ALL patients and controls either solely or in combinations.
Further analysis of the influence of the studied genetic polymorphisms on the clinical and laboratory features of the disease revealed that there was no statistically significant difference between AML and ALL patients harboring the wild or the variant genotypes of the studied SNPs as regards their age, gender, presenting symptoms, and clinical and laboratory data, including FAB subtypes in each group (data not shown).
Discussion
In our study, although XPD (rs13181) was not correlated to the clinicopathological characteristics of the AML subgroup, the homozygous variant genotype showed a fourfold increased risk of developing AML. XPD (rs13181) polymorphism may influence protein synthesis or affect the stability of mRNA, and it is associated with an inappropriate DNA repair capacity. This in turn might predispose to the genomic instability seen in most cancers, including AML [6] . The role of XPD (rs13181) polymorphism in AML showed controverted results, and some studies associated it with increased disease risk of AML [2, 7] and to bad treatment outcome of AML with shorter disease-free survival (DFS) and overall survival (OS) [8, 9] , while others either failed to find such an association [10] or even associated XPD (rs13181) polymorphism with deceased disease risk of AML [3] and better treatment response [11] .
Even in the same studied Egyptian population, El-Tokhy et al., [12] in Alexandria, Egypt, found similar distribution of XPD (rs13181) polymorphism among newly diagnosed AML patients, but they did not compare the distribution of the variant genotypes between AML patients and the controls for risk estimation. Their study showed that XPD homozygous variant genotype was associated with to the chemotherapy-induced cardiotoxicity and lower chance to achieve response to induction chemotherapy.
On the other hand, Sorour et al. [10] failed to find a statistically significant difference in the distribution of XPD (rs13181) polymorphism genotypes between Egyptian AML patients and controls. Although both results were conducted on Egyptians, the discrepancy between the studied could be attributed to enrollment of promyelocytic AML patients in their study. In our study, promyelocytic AML cases were excluded due to the different genetic, therapeutic, and prognostic features.
Dual variant genotype of XPD gene still conferred increase risk of AML even when combined with variant XPC gene alone or when combined with both XPC and XPG variant genotypes as there is a significant interaction between xeroderma pigmentosum complementation group polymorphisms in relation to leukemia risk [3] .
In our study, we found no statistically significant association between XPD (rs13181) polymorphism and the risk of ALL. These results were consistent with the finding of Batar et al., [1] and Ozdemir et al., [13] in Turkey, in addition to Pakakasama et al., [14] in Thai.
On the other hand, in a meta-analysis preformed by Wang et al., [15] homozygous variant genotype of XPD (rs13181) was associated with an increased risk of ALL.
Similar to the negative association between XPD polymorphism and the risk acute lymphoid malignancy ALL, founded in our study, El-Din et al. [16] could not find an association between this polymorphism and the risk of one of the chronic lymphoid malignancies which is diffuse large B cell lymphoma (DLBCL) among Egyptian patients. These results were also reported by Smedby et al. [17] and Bahceci et al. [18] .
In our study, the XPC (rs2228001) SNP was not associated with the risk of AML or ALL and did not affect the clinicopathological or laboratory data of the studied Egyptian patients. Our findings are consistent with those reported by Bănescu et al. [2] and Hernández-Boluda et al. [19] .
To the contrary, Douzi et al. [3] found an association with leukemia risk and XPC homozygous variant genotype. However, subgroup analysis revealed that variant heterozygous and homozygous XPC (rs2228001) SNP genotypes were associated with a higher chronic myeloid leukemia (CML) risk when compared to AML or ALL. CML has different disease pathogenesis, genetic polymorphisms, other than NER, involved in DNA repair pathways could play a role.
Our study showed no significant association between XPG (rs17655) polymorphism and risk of development of AML or ALL. This was supported by Douzi et al. [3] .
Similarly, XPG (rs17655) gene polymorphism was not to be associated with the risk of transformation of myeloproliferative neoplasms (MPN) into AML [20] . It did not affect the clinical outcome of adult AML [18] or other hematological malignancies such as Hodgkin's disease [19] and even nonhematological malignancies such as breast cancer [21] .
In contrast to our study, Bănescu et al. [2] revealed that the heterozygous genotype of XPG (rs17655) gene polymorphism was associated with a twofold increased risk of developing AML.
In conclusion, determination of XPD polymorphism could be considered as molecular markers associated with susceptibility to develop AML. In addition, assessing the relation between XPD genotype and response to therapy may be a useful tool for risk stratification in Egyptian patients and thus allowing for choosing treatment modalities. Furthermore, XPD polymorphic markers may be considered as targets for new therapeutic approaches.
More extensive researches on a larger sample size are recommended to overcome the sample size which may limit the statistical power of the present study, especially for subgroup analyses as well as follow-up of patients to collect relevant sufficient data.
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